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Summary of accomplishments

This report covers the time period of January 1, 2086ember 31, 2020. We conducted three seasonal
shipboard monitoring cruises in February 2020, June 2020, and October 2020 aboard the R/V Seawolf and
the R/V Paumanok to monitor the pelagic ecosystem of the NewB{ghit (Table 1; Figure 1). During

these cruises we completed 91 CTD stations (including 614 CTD water samples), 62 zooplankton tows, 3
fish trawls, 3341 km of fish acoustic survey, and 75dfriine transect survey effo©ur work during this
periodincluded implementing new and improved hydrographic data acquisition software on the R/V
Seawolf, purchasing a new thermosalinograph, development of a collaboration with Rutgers University and
the University of Maine to use ocean gliders to monitor ocean acidification in the Middle Atlantic Bight and
the Gulf of Maine, and conducting 2974.5 km of UAV survey effort on the R/V Parker UAV to examine
whale body condition. With the continuation of tleasonal cruises, we maintained a presence in the New
York Bight and more broadly in the Northeast US, despite scheduling setbacks and a greatly reduced
science crew during cruises due to the ongoing SEB%-2 pandemic. The carbonate chemistry

technician vas trained on the analytical instruments used to analyze water samples collected on cruises,
which are crucial to understanding carbonate chemistry at depdkal of 348 water samples were

analyzed for DIC and TA, but travel restrictions have delayedtfival of the carbonate chemistry postdoc
that is needed to complete the setup of the carbonate chemistry lab. Ongoing collaboration and coordination
with other glider operators in the area has increased the data coverage of-fitaktid and broader

Northeast US. Within these varied aspects of the program, we have developed and standardized protocols
and have trained field staff to collect samples and perform surveys for multiple objectives. We created a
Data Management plan to store and share digtetie New York State Department of Environmental
Conservation and to ensure the highest quality control standards for data as it is processed and analyzed.
Finally, we submitted two manuscripts for publicati8ge-specific behavior and habitat use inrhpback

whales: Implications for vessel strilsin final review for publication in Marine Ecology Progress Series,

and Marine ecosystem indicators are sensitive to ecosystem boundaries and spatiasl iscital review

in Ecological Indicatordndicatbrs of ocean health have been accumulated and examined. A brief

summary of the review of existing data and indicators (Objective 1) is provided. An extensive report was
provided in a separate document to NYSDEC in December 2020. The continuation éghthecof

monitoring program represents the bulk of work covered in this report (Objectb)es 2

http: //www.somas.stonybrook.edu
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Table 1: Summary of sampling effort per cruise. For each cruise the number of trawls, ring net tows, CTD

casts, CTD water samples, d&i surface seawater samples, acoustic transect effort, and litensect survey
effort are detailed.

: Fish Ring CTD Water SUNEES Fish Acoustic Line-
Cruise Trawls net Casts Samples Water OA Effort (km) Transect
Tows P Samples Effort (km)
04Fel2020
FEB 2020 10Feb2020 3 11 14 132 6 1030 75
02Jun2020
JUN 2020 09Jun2020 NA 12 36 62 0 311 NA
190ct2020
OCT 2020 300¢12020 NA 39 41 420 8 2000 NA

http: //www.somas.stonybrook.edu
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Figure 1: Acoustic effort (black) and locations of various sampling efforts (red: lie-transect survey effort;

green: CTD locations; purple: ring net tow locations; yellow: trawling locations) for all offshore monitoring
cruises completed in 2020

http: //www.somas.stonybrook.edu
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Obijective 1: Examination of available data and identifying data gaps

A complete indicatoraport was provided to NYS DEC in December 2024s report details how we
developed a set of criteria and four step process to choose a set of 40 indicators from over 200 potential
indicators in the NYB. Of the 40 indicators prioritized, 24 have been letedpand trends analyzed, 4 are
under development and 12 have been proposed in the near term. An additional 12 indicators could be
developed in the longerm with additional resources.

Objective 2: Monitor the physical environment including temperature,salinity,
fluorescence, and carbonate chemistry

2.1: Shipboard Measurements of Physical Water Properties

Unfortunately, due to restrictions related to SAB&V-2, we were unable to perform a full survey in the

spring and summer months. While we were abledmpare July 2018 and July 2019 cruises in our past

annual report, we could not complete the July 2020 cruise. However, with the completion of all seven
transects on the October 2020 cruise, we are able to compare thegbtgrioal environment with #t

seen in October 2019 (Figure 2). In October 2019, the water column was still stratified when we conducted
our cruise and the cold pool is still evident. In October 2020, the water column is mixed and surface waters
are not as warm. This is especiallgyalent offshore where Figure 2 shows larger areas of warm colors that
represent both warm and salty water. Dissolved oxygen in October 2020 sees a larger area of low oxygen at
depth, depicted by blue and purple colors compared to October 2019. Thesmuméedifferences

highlight the importance of monitoring.

http: //www.somas.stonybrook.edu
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o Oct 2019 2 Oct 2020

Distance (km) Distance (km)

Figure2: Temperature ( ), salinity (PSU), and dissolved ox
October 2020. The bottom panels indicate the locations of CT&ations for each cruise.
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Figure 3: Seasonal profiles of temperature for transect 7 in February 2020 and October 2020.

2.2: Carbonate Chemistry

During this period, 324 water samples from the July 2018 cruise were analygedN&@AA NEFSC Lab

in Milford, CT for dissolved inorganic carbon (DIC) and total alkalinity (TA). These data were then used to
compute carbonate chemistry variables such as pH and aragonite saturation states. Aragonite saturation is
important to assess waiguality for shelforming organisms like surf clams and scallops. Most calcifying
organisms require weflaturated water in order to build and maintain their shells. The lower the saturation
state, the less available calcium carbonate is for organisutize. Saturation states above 1 indicate the
water is well saturated with respect to aragonite. Aragonite saturation states approaching 1 can be stressful

11
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to these organisms while saturation states less than 1 indicate the water is under satiunatsoeet to
aragonite.

In July 2018, calculated surface pH was generally higher than the calculated bottom pHA}-iBatem

pH is lowest inshore near Shinnecock Inlet and along the western edge of the sampling area within the
Hudson River plume arn. Surface pH does not have the same low area along the western edge but does
have an area of low pH inshore, though in a different spot than the low pH region at depth. The spatial
pattern in aragonite concentration for the surface and bottom wateisdae to the pattern in pH values

with lower pH values corresponding with lower saturation values.

Saturation states in the NYB are generally sigagurated with respect to aragonite. Fighishows the

calculated aragonite saturation states in the KrgB July 2018 for surface and bottom water. The surface
waters are supersaturated (greater than 1) with respect to aragonite while bottom waters consistently have
lower saturation states, but only one station near Shinnecock inlet is undersaturatedpagithto

aragonite and has very low pH. These figures indicate that bottom water is potentially acidic and corrosive
to organisms. Once water samples from additional cruises are completed, we can evaluate the seasonal
dynamics in carbonate chemistry aardgonite saturation states.

Jul 2018 Surface pH Jul 2018 Bottom pH
41°N — = — " BeeP gs.2 41°Nr——-— ° i T
8.1 8.1
8 8
7.9 7.9
Is | Is
N k& 39°N N k&
I3 | I3
K I s
J§ 7.7 . J'§ 7.7
73.5°W 73°W 72.5°W 72°W 71.5°W 73.5°W 73°W 72.5°W 72°W 71.5°W
Figure 4: Calculated surface and bottom pH from July 2018.
12
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Figure 5: Calculated surface and bottom aragonite saturation states from July 2018.

Using pCQ and pH measurementollected simultaneously on RV Seawolf cruises, we have analyzed the
seasonal dynamics of carbonate chemistry in NY coastal waters including the Long Island Sound (LIS).
The surface pH values (on the total hydrogen scale) ranged from mean pH of 7.89rtl0S and NYB

inshore to mean pH of 8.03 £ 0.10 in NYB offshore in 2019. The vast areas of offshore waters of the NYB
had pH values ranging from 7.99£0.02 during the warmer months to 8.12+0.02 during the colder months, a
25% change in the [Hlion corcentration from seasonal changes in productivity, temperature, and other
factors (Figureb, top panels). Surface waters of the NYB were consistently supersaturated with respect to
aragonite (Figuré, middle panels).

Using pCQ and pH parameters we calated the Revelle Factor DIC), which is a measure of the océan
buffer capacity and is defined as the ratio between the change it@@® change in DIC at constant
temperature, salinity, and TA. The buffering capacity of seawater is important to quantify because it is a
meaure of the ability of seawater to resist changes in pH from the addition of anthropogeficnCMe
atmosphere. Water bodies with a high buffering capacity are very efficient at mitigating changes in [H+]
and will see a smaller change in pH compareddter bodies with low buffering capacity. The buffering
capacity indicates how resistant different water bodies are to ocean acidification. The larger the Revelle
factor ( DIC), the higher the buffering capacity of seawater.

In 2019, DIC was highest in the offshore waters of the NYB in every season while the Idl€siwvere
observed inshore and in the Long Island Sound (Figubettom panels), indicating that Lotgiand

Sound waters are less resistant to increased atmosphericSeé@sonally, the highest buffering capacity

was seen in winter in the offshore NYB waters and the lowest buffering capacity was in inshore waters in
the warmer months. These patternscamsistent with physicochemical principles and the measurements

13
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herein provide baseline quantitative values to the baseline carbonate chemistry dynamics in NYB that can
inform water quality management in the future.
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Figure 6: Seasonal maps of surface pH, aragonite saturation states, and surfadelC, an indicator of the ability of the ocean to buffer
changes in [CO2] as it rises in the atmosphere. Blueloos indicate low buffering capacity and are consistently inshore waters.

2.3: Glider Oprations

Glider operations for the past year have been pretty much on hold primarily because the payload bay which
was sent for repair in January only came back in late November due tew@phmdpaying the invoice

from Webb Research. Even if the payldsy had been back, the general shutdown due to CQVYID

prevented access to vessels for deployment and retrieval until the fall.

One thing that did happen this past year was the development of a project in conjunction with Rutgers
University and the Wiversity of Maine to use ocean gliders to monitor ocean acidification in the Middle

15
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Atlantic Bight and the Gulf of Maine. This project is funded by NOAA, through a subaward from Rutgers,
which will equip three gliders with Seird Instruments CTD/pH ssors for deployment in the Bight.

This ocean acidification monitoring effort will make use of the already planned seasonal Ocean Indicators
deployments while expanding the list of variables that will be monitored. The CTD/pH sensor was
purchased in thepsing and installed while the payload bay was still at Webb Research. The original CTD
sensor now acts as a spare.

With the return of the gliderés payl oad bay, the
checkout procedure in preparation fdfebruary deployment. The deployment will be coordinated with

the next Ocean Indicators cruise and the deployments from Rutgers and University of Maine. Assuming
that COVID-19 will be in some sort of retreat this coming year we expect to resume theadeaso

deployments coordinated with the Ocean Indicator cruises.

Ocean Glider Data Processing and Anatysis

As discussed in previous progress reports, the near real time data that are telemetered ashore are processed
and made available through the Rutgergsuied ERDDAP glider DAC systemi{p://slocum
data.marine.rutgers.edu/erddap/info/index.htrillhe post deployment data processing and QA is done

using a modified system btiilpon one developed by WHOI (Robert Todd) and BIOS (Ruth Curry). The

results from that system save the processed data in large Matlab matfiles which are easy to use but not
universally accessible. Work is underway to convert those matfiles into thif foetoat of the US glider

DAC which makes the data available to the wider user community through the ERDDAP system.

However, the routine to do the conversion while adhering to the Netcdf CF and ACDD Conventions and
Metadata is a rather heavy lift and $hia still in progress

Early analysis of the glider data has focused on two areas. The first is to use the glider results to determine
the tidal and residual velocities over the shelf. The second is to use the glider hydrographic data to study
the collgpse of the seasonal stratification and the erosion of the cold pool.

The gliderés speed through the water is wel/| mo d e
have used those data for the f al Hthroughuthesvaterwh&®B U0 1 O
when combined with the gliderds distance made goo

estimate of the vertically averaged water velocity (Figl#e Those results can then be used to estimate
the tidal velocities ovehe shelf which in turn can be used to determine the residudldain
velocitiesFigurerb). The nortidal velocities appear much smoother than the raw velocities but, since the
glider takes many days to traverse the shelf, those velocities reflechtyisyscale variations in the shelf
currents which impact and reflect the variability in shelf water properties. Additional spatial or temporal
averaging could be used to extract the lorigam mean currents across the shelf.
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Figure 7: a) Vertical mean water velocities during the fall 2019 deployment, b) Mean water velocities with tidal
effects removed.

A major and ecologically critical feature of the Middle Atlantic Bight is the cold pool, the band of remnant
winter watertrapped below the seasonal thermocline which supplies nutrients to the euphotic zone and a
needed temperature refuge for demersal and pelagic fishretslagt he col d pool s est ab
spring, structure and distribution during the summer,dewdy in the fall are all of special interest and a

focus of the glider program. Here we describe an event during the fall 2019 glider deployment, SBU02_02,
when a | arge wind event served to partiahHelfy mix t
transits. For comparison, Figeshows the vertical structure of the shelf hydrography during the summer

of 2019 when the cold pool showed the coldest, most saline and densest watershatfrbietween the 40

and 60 m isobaths. The thermoclmgnocline was the most intense at around 15m depth.
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Figure 9: Salinity, temperature and density sections from théall 2019 glider deployment.

The first transit of the fall deployment traversed nearly the same line as the summer section shown in Figure
8. The cold pool is formed in the spring when storm activity decreases and surface heating from solar
insolation issufficient to overcome the vertical mixing from winds, tides and internal mdtighe fall as

solar insolation decreases and wind mixing increases the cold pool begins the fall overturning by which
surface temperatures decrease and bottom temperimicresse. By October %nd the beginning of the
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fall glider deployment, the cold pool ds fall tran
residual stratification remaining. This stratification was undergoing increased erosiontderghger

transit due to a wind event that lasted four days with peak winds at the nearby NDBO buoy 44025 of 20 m

st (~40 kts), initially from the northeast and then from the west as the front passed through.

The fall ds erosi onuseipn g otdhee igsl iedkearnd sn eldy chreaoger ap hi c
that show the changes in stratification and water properties as the storm passed overhea@ sHeigisre

the same parameters as shown in Fi@uimut for the fall. It shows that the difiation over the inner

shelf has decreased substantially from that of the July/August period such that surface temperatures have
decreased from ~26 to ~1PC while near bottom temperatures have increased fré&~86°C. The

storm started after thdider had traveled about 40 km into the section and its impact is reflected in the

reduced stratification over the middle of the section. We can examine the destratification process more
closely by looking at the timing of the storm, the mechanical energgrted on the water and the changes

in the potential energy anomaly (Burchard and Hofmeister, 2008) as shown inHigurke horizontal

axis is time covering the entire section shown in Figurdhe top panel shows the work, proportional to

the cule of the wind speed, being done by the storm on the water. It is the work of the wind on the water

that both accelerates the water and produces the vertical shear. It is the shear stress that has to overcome the
stability imparted by the stratification order to destratify the water column. The lower panel shows the

Brunt Vaisala frequency distribution that highlights the stratified portions of the water column. As the

storm builds the weliixed portion of the water column deepens from ~20 m to ~é9ema period of

about a day. The depth of the mixed layer remains at about 40 m as the glider heads offshore and even into
the regime of the shelfreak front. The potential energy anomaly shown in red in the upper panel indicates

an initial increasesthe storm begins but then decreases as the glider moves offshore where there was near
bottom stratification from the saline waters of the shedfak.

This is just the first attempt at monitoring and understanding the details of the seasonal ddmaiseldf t
pool. As more glider deployments continue in the future we will get a better and clearer picture of the
process as well as the development of the cold pool in the spring.
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Figure 10: Temporal plots of wind work, potential energy anomaly and BruntVaisala distribution along the
fall 2019 glider transect.
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